[SSN 0889-7834

B Ry R SR B Sl

Annals of Kagoshima University Dental School

Volume 7 1987

7E :ﬁ,i

Experimental Models for An In Vitro Embryvonic Genosystem------fig & E A 1

7 o b RRHERIIE D FEEIC T ) ZRTCHERGE - veeeeeeee fll H - M & Fe5
2703 TR IS ZENI L T e # fE IFE $--+25
it L] e

Ann. Kagoshima Dent.




10.

11

BER B A R AR B E

. REGENEXOREPLHE BB UL TIREDT —
2ICETx, BWD BV IIELEN - BB LB
EEGKICEBRT 5, FEROHERTILRORER
e, BTHLHRMT S LMD, BREXD
KBS, BHREARTRET S,

. BFEREERITTS.

. BXoBREREOEE TS, LLEURBRAR
EORICEKE L LRBICOV T, FIICRASRN
EHBo

. BEBIENE L, FIBISOARZBET 5,

. FOSTRERS L A 4 BR(21 % 29cm ) D 40037 B o AR
EEBAOTEE, EFEMIRIOEYF, FTVA
R—RATI4T$5, Jlica—%—Eo3 5,

. & (RESE—KE) 1K, 1)&E, 2)EES,
A, 4)MARML (X2BFLA), SIRE
DX, 6)FROKE, 7)FIBIHEKBH (KF),
REEORE L 2L,

. WP ( Abstract ) OFMEIZIX, 1)7 4 b,
2)EE4, 3)FE, 4) Key words (5 words Ll
), SHIBRAIZA 4[5 4 TRKT250FUA
&9 5,

. IXFORBEXFIRIL TEL, RIBOICTAHE
XRAMBETE, [TV v IEEELIVED
AR, TvT—F4 25| ZDTFI4 5V v 7
EHL BB ERRNELTHA P L ERAVS,
B RO, BRBRIRICLS,

. BRRUEHOBRBIREXCH< . EXOMIC
FFCHRREHATAEUMEBES 5,

HBAS G, I, 0 EHITA, Beeeee BT
1, 2eeeeee IHiza, beeeee EVS3 &I B,

. XBREOEDH

1) FOPXmEFIATHEERBNPORETS
BRELRESELOEFEICSIAOBRICHE-T,
E85 %35, 3 AULHEZOHEE, “5"
Fh “etal.” EAVS,

1 EE ST KL

) 2 : Hodgkin & Huxley!iZ X iLe-eoe

2) KRXMEZSIAOBEICERL, xXHPOFS
LBAETH, HEHERW, etal. LHBETL2A%
855,

3)

MEIBES R, ML, B HUE-R),
BEESOEICIEY .

@1 :3) HMERE ®D R, kKF N, KKE

&l

B

th: BRF#gYAVACHTEE/70F—
Mifk, MIRTIF1, 39—42, 1982

2 :1) Hodgkin,A.L. & Huxley, A.F.: The
components of membrane conductance in the
giant axon of Lolign. J. Physiol. ( Lond.)
116, 473—496, 1952

HITAREER, B4, Ry, 888, 14,
B|HE, RITH, £OREROBIZIET . BX
B EORSRIBIECHMU LN, EHE B4,
N4, RY, L4, 5IAH, RITA, F{EH,
ABESORICE T,

1 . &F%HE: B, SREAER (SHBE
BR4AMLE 8 ), YRR, FREEIEBE, 38—57,
BWAUE, B, 1974

%] 2 : McElligott, J. G.: Chap 13, Long-term spon-

5)

6)

taneous activity of individual cerebellar
neurons in the awake and unrestrained cat. ,
In; Brain Unit Activity during Behavior, Ist
Ed., M. Phillips, Ed.197-223, Charles C.
Thomas, Springfield, 1973

BElxDBESRFEREFNEFIAL LRRY
FOBIAEEMSMICL, “LN5IA" LB
+5,

BERLZOEBEBIIREIILIOVRDTHEHOIC
DNTRENIZEED, BOTRZVLBHODIZONT
I EABRPIERIERY (1969, AXEFRMH
48, FWHRS) £ 7213 Index Medicus
kB, ChHICZVHDITHOVTIE, ERE
Bwimom Ry ISORY (F2 A T—
Yaynvy BTy, 1967, XEHE, KFEFEH
B, ERBRAAFEHER, 39—-41282H) i
%5,

12. £t

& n EORBRBN, BHELY, Za2-2,
Nia, BR, 5%, HMEs ERMNEZET 2 38B
EXZECHFRS 550 RMEHNT S, 2T
Bz, BH4E %80 TI0FERMAK S £l
RicELHs, BL, REEBRBASHIRES
%,

# % % A
n & 8 = v

Kk B8
# x =af & B
(

fa
E —
50 W)



Ann. Kagoshima Dent. (BEdg#) 7 : 1 ~4, 1987

Experiméntal Models for An In Vitro
Embryonic Genosystem

—— Embryonic Liver scRNA Mediated Transcription—

Tamito Noto

Department of Oral Anatomy, Kagoshima University Dental School,
Kagoshima 890, Japan

Abstract

A series of experiments to test the availability of theoretical models on gene
differentiation!»2-3.4 are in progress. In these experiments, transcriptionally active 4-7
Kb EcoRI DNA fragments of the chick genomic origin®® were inserted to the pT 7-1
vector (Genescribe, USB) after being hybridized in vitro with-300 bp scRNAs from the
chick embryonic liver. It was concluded that the embryonic scRNAs should have some
role to influence in vitro transcriptional activity of the experimental genosystem. Most
interestingly, the scRNAs had also a significant effect on the transcriptional activity of

a plasmid (pBR 322) in the eucaryotic transcription system (BRL).
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embryonic liver scRNAs

1. Introduction

In one or two years since the second theoretical
model on gene differentiation? was proposed,
favourable evidences suggesting important roles of
the RNA in embryonic gene expressions have
been accumulated. Most recently, the small RNAs
in herpes virus saimiri were emphasized to play
an essential role for viral oncogenesis, though
their functional mechanisms were uncertain yet?.
Furthermore, a possible mechanism of transduction
of the proto-oncogene c-fps was demonstrated

suggesting intermediating role of RNA molecules
by “copy-choice” during reverse transcription®.
Three of recent papers should be also cited as
favourable evidences to give an important theoret-
ical suggestion about RNA-mediating control of
gene expression; 7S RNA from embryonic chick
cardiac muscle cells?; retrotransposon in Ty
elements'?; a processed fragment Hn RNA as
activator of ribosomal gene transcription!?.

By the way, the author has no intention to
insist that DNA-binding RNAs only have roles
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to control embryonic gene expressions. It is a
well known and established fact that DNA binding
proteins (regulator proteins) play an important
role to regulate gene expressions as the Brown’s
school12:13 or others!¥’ are speculating excellently.

Gene expressions by regulator proteins exert
a controlling mechanism probably available to
several genes such as adult genes and some of
terminal or prevalently functioning genes. It
seems however that embryonic cells have another
controlling mechanism by regulator RNAs whose
momery had acquired at the ancient and original
stages of biogenesis, and that because of the
extremely high turnover in an interaction between
gene DNAs and DNA-binding RNAs (hybridizor
RNAs) it is difficult at present to detect sufficiently
how the phenomenon had actually occurred.

Now in this short paper, two of the simpler
genosystems were demonstrated as experimental
models in the hope of adding an evidence to the
author’s theoretical models.

2. Materials and methods

Most of experimental procedures (isolation
of the chick EcoRI DNA fragments and of the
embryonic liver scRNAs from the 16-day-old
chick embryo; RNA-DNA hybridization ; reverse
transcription ; electrophoresis etc.) were the same
as described in the previous reportss™®., Ligation
of both the RNA-DNA hybrid and DNA-DNA
integrate fragments to the pT 7-1 vector (Gen-
escribe, USB) and in vitro reaction of the re-
combinants were performed under the condition
indicated by the manufacturer. In RNA-pBR 322
plasmid hybrid experiments, the eucaryotic tran-
scription system (BRL) was used by adding 10 .Ci
32P-UTP per 50 4l of the reaction medium accord-
ing to the manufacturer’s indication.

3. Results and Discussion

It was found in the previous experiment that
the embryonic liver scRNAs showed the most
effective influence on the transcriptional activity
of EcoRI DNA fragments among the scRNAs from
various chick embryonic organs®. In order to

simplify the experimental model, the present ex-
periment was mainly focused on the liver scRNAs.

The hybrid and integrate DNA fragments
were hybridized or reverse transcribed with the
embryonic liver scRNAs, respectively, and were
inserted to the pT 7-1 vector. Reactions in vitro
of the recombinants revealed that as shown in
fig. 1; (1) hybrid fragments synthesized the RNAs
ranging approximately from 100 to 500 bp just
in the same pattern as that in the control, and;
(2) on the contrary, the integrate fragments failed
to synthesize the higher molecular RNAs. Al-
though the controlling mechanisms of disappear-
ance of the RNAs is uncertain at present, nega-
tive regulation of in vitro transcription was un-
doubtedly functioned in this genosystem by the
reverse transcribed liver scRNAs, but not by
merely hybridizing scRNAs. As seen in fig.2,
pBR 322 plasmid also showed a similar negative
regulation of RNA synthesis by the same reverse
transcribed liver scRNAs (integrate). However,
in the case of the plasmid on the contrary, scRNA-
plasmid hybrids showed a prominent novel synthe-
sis of RNAs approximately at sizes of 600-800 bp
(hybrid, in fig.2). Thus, it can be concluded at
least that the embryonic liver scRNAs show either
negative or positive in vitro transcription accord-
ing to genetic informations of the host DNAs or
to reacting situations if the scRNAs are hybridized
merely or are reverse transcribed.

On the other hand, a preparatory experiment
demonstrated that the embryonic liver scRNAs
mainly consisted of an extermely faint 230 bp
band, a clearly detectable (able to isolate either)
single band and heterogeneous components at
around 70-120 bp through the 4-16 % gradient
polyarylamide slab gel electrophoresis. In another
preparatory experiment, both S1 nuclease and
exonuclease VII digests of the liver scRNA-pBR
322 plasmid hybrids proved an existence of an
undigested 300450 bp component by the 1.2 %
agarose gel electrophoresis.

Based on these observations, quantitative
detection of the genetic significance of the em-
bryonic liver scRNAs is under investigation.



Experimental Models for An In Vitro Embryonic Genosystem 3

= =

) % o <

x ©2 x x QO &

Fox 9 [

Z o < m |

o > o > =z

O I = O I =5

M i e M B e e
holy MJ, 800 —
500 — 500 —
100 — 100 —

1 2
CHICK ECORI FRAGMENTS pBR 322
Fig. 1 A typical pattern of in vitro RNA synthesis in one of experimental embryonic genosystems.

Fig. 2

According to an ordinary procedure (genescribe, USB), 4-7 Kb DNA fragments were ligated
into the pT 7-1 vector after being hybridized (Hybrid) or reverse transcribed (Integrate) with
=300 bp scRNAs from the liver of 16-day-old chick embryos.

The recombinants were linearized with Hind IIl before performing in vitro reaction with pT
7 RNA polymerase. The linearization was essential for eliminating completely the back
ground RNA synthesis by the vector used. A disappearance of higher molecular RNA
component is clearly shown in the integrate fragments (arrow). Molecular markers (bp) were
determined by the ¢X174 RF DNA Hae III fragments.

RNA synthesis in another experimental embryonic genosystem. pBR 322 plasmid was hybridized
(Hybrid) or reverse transcribed (Integrate) with the same liver scRNAs as those in fig. 1.
Synthetic reactions were carried out using the eucaryotic transcription system (BRL, USA).
A prominent novel RNA component is observable in the scRNA-pBR 322 plasmid hybrid

(arrow).
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A Three Dimensional Observation of Developing
Tooth Germs of Rat Fetus

Kaoru Wada and Takako Nakama

(1st) Department of Oral Anatomy, Kagoshima University Dental School,
Kagoshima 890, Japan

Abstract

Using Wistar rats from 14 to 20 days gestation, we observed the three dimensional
growth rates of the mandibular incisor and molar teeth, through the measurement by
microphotographs and wax reconstruction of the serial sections of the tooth germs.

In the incisor tooth germs, the enamel organ showed the bud-stage at 15 and the
bell-stage at 16 days of fetal life. The crescentic enamel organ presented at 17 days
gestation. There was a remarkable swelling toward the lingual side, and the whole
tooth germ began to bend at 18 days fetus. At 19 days gestation, the deposition of
the predentin was recognized in the tip of the incisor edge. In the 20 days fetus, the
pulp cells around the tip of dentin formed the so-called “osteodentin”. At this stage
the incisor was represented by a very elongated tooth germ which extends farther back
on the labial than on the lingual side.

On the other hand, only the tooth germs of the first and second molars were
visible in the rat fetal life. The first appearance of the tooth bud was at 15 and 17
days gestation in the first and second molars, respectively. In these molars, the tooth
germ primarily grew farther downward on the medial than on the lateral margin. By
the 19th day of gestation, all of the positions of cusp were suggested in the first molar
tooth germ, although no cusp of the second molar developed until the 20th day in utero.

Key words
tooth germ, mandibular incisor, mandibular molar, three dimensional development,
reconstructed model
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Table 1. Crown-Rump Lenght and Wet Weight

in Each Gestation Age

Gestation Length Weight
Age
(Days) (mm) (mg)
14 10.1+0.5 186.1+ 22.1
15 13.2+0.2 314.1+ 210
16 16.2+0.5 5422+ 56.1
17 19.81+0.6 928.6+ 375
18 24.0+0.6 1494.0 +£129.7
19 30.0+1.0 2364.7+189.1
20 37.8+1.4 4009.3+179.4
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Fig. 1 Growth curves of the crown-rump length
and the weight of the rat fetus.
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INCISOR

( FRONTAL)

(SAGITTAL)

Fig.2 Schematic drowing of demonstrating the
points of measurement of the incisor tooth
germ.

The distance from the tip of the mandible
to the anterior end (a) and to the posterior
end (b): the distance from the median line
to the medial end (c) and to the lateral
end (d) : the distance from the oral surface
to the superior end (e) and to the inferior
end (f),

M : Meckel's cartilage

£ N0.5mm DLFEA 5, #%750.75mm NFTIHLEL
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4} o—° POSTERIOR END
o—e ANTERIOR END

LENGTH

N

L‘, _ _ MANDIBULAR TIP

15 16 17 18 19 20
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Fig. 3 Location of the anterior and posterior
ends of the incisor tooth germ from the
mandibular tip.
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Table 2. Location of Incisor Tooth Germs in Fetal Mandible
Gestation from Mandibular Tip Oral Surface Median Line
Age to Anterior  Posterior Superior  Inferior Medial Lateral
End End End End End End
(Days) (#m) {(#m) (#m) (#m) (#m) (#m)
15 526 749 42 206 125 282
16 671 1063 102 388 146 434
17 900 1760 192 578 260 634
18 932 2504 251 694 337 762
19 940 3210 406 968 486 958
20 1006 4246 546 1250 688 1302
e—e SUPERIOR END o—e MEDIAL END ,
o—o [INFERIOR END o—o LATERAL END
mm mm
1.0f 1.0
(-
I
(O] I
— - )
w =] o
- z
05} 05"
ORAL SURFACE L, MEDIAN LINE
1,. 2 1 2 2 » N r N Y 2 2 A i
15 16 17 18 19 20 15 16 17 18 19 20
GESTATION AGE ( DAYS) GESTATION AGE (DAYS)
Fig. 4 Location of the superior and inferior ends Fig. 5 Location of the medial and lateral ends

of the incisor tooth germ from the oral
surface.
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of the incisor tooth germ from the median
line.
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Fig. 6 Growth curves of the three dimensional
size of the incisor tooth germs.
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Table 3. Three Dimensional Size of Incisor Tooth Germs

Gestation Antero-Posterior Superio-Inferior Medio-Lateral
Age Length (#m) Length (#m) Length (#m)
(Days) (Tooth Length) (Tooth Height) (Tooth Width)

5 S 223 162 157

M 227 223 234
6 S 392 286 288

M 455 395 353
17 S 860 386 374

M 903 479 446
18 S 1572 443 425

M 1669 606 480

S 2270 562 472
19

M 2480 686 543
20 S 3240 704 614

M 3423 808 946

S: size from sections, M : size from model
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Plate 1 Photomicrographs of sections of the widest (a) (frontal section) and the longest (b) (saggital
section) incisor tooth germ in serial sections from 1l4th to 17th gestation ages. 1: incisor

tooth germ, M : Meckel’s cartilage, T : tongue

Fig. 7: 14 dayvs in gestation age (x 50)
[Fig. 8: 15 days in gestation age (x 50)
Fig. 9: 16 days in gestation age (x 50)
Fig. 10: 17 days in gestation age (x 50)

'vm g

10 DATS

Fig. 14 Photomicrograph showing the reconstructed models of the incisor tooth germ at
various developmental stage.
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Plate 2

Plate 2 Photomicrographs of sections of the widest (a) (frontal section) and the longest (b) (saggital
section) incisor tooth germ in serial sections from 18th to 20th gestation ages. 1: incisor
tooth germ, M: Meckel's cartilage, T : tongue
Fig. 11: 18 days in gestation age (a: x 40) (bh: x 30)

Fig. 12: 19 days in gestation age (a: x 33) (b: x 21)
Fig. 13: 20 days in gestation age (a:x 24) (b: x 21)
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Fig. 15 Schematic drowing of demonstrating the points of measurement of the molar

tooth germ.

The points of measurement with exceptions of “c” and “d” are same as in

Fig. 2.

The distance from the medial surface of the mandible to the medial end (c)
and to the lateral end (d) of the tooth germ, M: Meckel's cartilage
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Table 4. Location of Molar Tooth Germs in Fetal Mandibles
Gestation from Mandibular Tip Oral Surface Medial Surface
Age to Anterior  Posterior Superior Inferior Medial Lateral
(Days) End(gm) End (um) End (m) End (zm) End (@) End (um)
15 1st 1039 1508 — 146 580 680
2nd - - - - - -
16 Ist 1854 2393 88 276 366 604
2nd - - - - - -
17 Ist 2701 3411 68 336 210 540
2nd - - - - - -
Ist 3545 4435 140 584 208 594
18 2nd 4669 5057 134 396 228 376
19 Ist 3714 4890 174 750 210 936
2nd 4989 5515 182 450 374 696
Ist 4147 5741 150 920 174 1020
0 2nd 5642 6488 194 578 380 884

1st: First Molar Tooth Germ, 2nd: Second Molar Tooth Germ
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Table 5. Three Dimensional Size of Molar Tooth Germs

Gestation Antero-Posterior Superio-Inferior Medio-Lateral
Age Length (um) (Length (zm) Length (um)
(Days) (Tooth Length) (Tooth Height) (Tooth Width)
Ist  2nd 1st 2nd 1st 2nd
15 S 460 - 146 - 100 -
M _ _ _ - — _
16 S 539 - 188 - 256 -
M _ _ — — — —
17 S 710 - 298 - 399 -
M 771 - 309 - 480 -
18 S 890 388 374 172 495 225
M 1006 446 400 206 566 249
19 S 1116 526 614 344 724 396
M 1269 531 657 423 789 423
20 S 1594 846 688 446 1045 630
M 1981 827 712 510 1115 596

S: Size from Sections, M : Size From Model
Ist : First Molar Tooth Germ, 2nd: Second Molar Tooth Germ
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Plate 3 Photomicrographs of sections of the widest (a) (frontal section), and the longest (b) (saggital

section) molar tooth germ in serial sections from 15th to 18th gestation ages.

1: first molar

tooth germ, 2: second molar tooth germ, M: Meckel’s cartilage, T : tongue

Fig. 20: 15 days in gestation age (x 40)
Fig. 21: 16 days in gestation age (x 40)
Fig. 22: 17 days in gestation age (x 40)
Fig. 23: 18 days in gestation age (x 40)

Plate 4

Photomicrographs of sections of the widest (a) (frontal section), and the longest (b) (saggital
section) molar tooth germ in serial sections at 19th and 20th gestation ages.

1: first molar

tooth germ, 2: second molar tooth germ, M: Meckel’s cartilage, T : tongue

Fig. 24:
Fig. 25:

19 days in gestation age
20 days in gestation age
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Fig. 26 Photograph showing the reconstructed models of the molar tooth germ at various develop-
mental stage.

Ist: first molar tooth germ, 2nd: second molar tooth germ
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